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The purpose of the present study has been to determine the part 
taken by  enzymes in  the resolution of a  fibrinous exudate.  Pre- 
vious studies have shown that those cells, which with inflammation 
act  as  phagocytes and  are  capable  of  intracellular  digestion, con- 
tain  two  proteolytic  enzymes.  One  enzyme  first  described  by 
Friedrich Miiller is peculiar to the polynuclear leucocytes with fine 
granulation and is most efficient in the presence of a weakly alkaline 
medium.  The second enzyme, which is present in the mononuclear 
phagocytes  or  macrophages,  digests  only  in  the  presence  of  acid 
and  resembles  the  so-called  autolytic  enzyme  which  is  present  in 
almost  all  tissues  of  the  body.  The  action  of  these  enzymes  is 
best studied in exudates produced by sterile inflammatory irritants, 
since  bacteria  themselves  contain  proteolytic enzymes  which  may 
be mistaken for the enzymes peculiar to the exudate. 
When turpentine is  injected into the subcutaneous tissue of the 
dog an abscess containing thick, yellowish white pus is formed and 
causes  extensive  solution of  tissue  and  undermining of  the  skin. 
The purulent fluid contains cells  in  great  number many of which 
undergo  disintegration  so  that  the  small  amount  of  turbid  fluid 
which by centrifugalization can be separated  from the cells of the 
exudate contains fat droplets and other products doubtless derived 
from destroyed leucocytes; no fibrin is present.  I  have previously 
shown  1 that  the  serum  removed  by  centrifugalization  from  this 
purulent  exudate,  unlike  the  serum  of  the  blood,  fails  to  inhibit 
the  proteolytic  enzyme  contained  in  the  polynuelear  leucocytes 
(leucoprotease). 
When an  equal  quantity of turpentine, one  cubic centimeter,  is 
injected into the pleural cavity of the dog, the reaction which re- 
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sults is very different.  Fluid accumulates in large quantity so that 
at the end of three days there may be one hundred or more cubic 
centimeters.  During  the  first  two  or  three  days  after  injection 
this  fluid  is  coagulable,  and  fibrin  in  considerable  quantity  is  de- 
posited upon the pleural surfaces.  The accumulation of fluid and 
its  gradual  disappearance  may be  followed  with  considerable  ac- 
curacy during  life by percussion of the animal's  chest.  Only by 
such  examination  during  life  has  it  been  possible  to  follow  the 
course of each experiment and to determine when the inflammatory 
reaction  is  progressing  and  when  receding. 
Sero-fibrinous Pleurisy.--In all instances turpentine has been in- 
jected  into  the  right  pleural  cavity.  When  the  dog  is  standing 
dullness on percussion caused by the heart extends a  variable  dis- 
tance to  the  right  of the median line;  occasionally there is  at  the 
usual  level  of  the  uppermost  pair  of  teats  absolute  dullness  or 
flatness  on  percussion  one  or  two  centimeters  from  the  mid-line, 
but in most instances there is  no absolute dullness, but  merely im- 
pairment of resonance (relative dullness)  over an area correspond- 
ing to  the underlying heart two  or  three centimeters to  the  right 
of  the mid-line.  With  accumulation of  fluid  there  is  increase  of 
dullness in the dependent part of the chest so that the gradual rise 
of the upper level of dullness measured from the median line may 
be  determined from day to  day.  Immediately above the level of 
absolute  dullness  is  an  area  of  impaired  resonance usually one or 
two  centimeters across.  By changing the  position  of  the  animal 
so that the vertebral column is upright,  there is change in  the dis- 
tribution of dullness on percussion corresponding to change in  the 
position of the fluid, but this change at times occurs slowly and  is 
evident  only  after  the  upright  position  has  been  maintained  for 
several minutes.  In the upright position the area of flatness meas- 
ured  to  the  right  from  the  median  line  diminishes,  but  does  not 
return to  the normal  limit  present before injection  of  turpentine, 
and  at the same time flatness appears  in  the back over the lower- 
most  part  of  the  chest  next  to  the  vertebral  column.  Movable 
dullness is recognizable here when the limit of hepatic dullness has 
been previously mapped out with the animal in its normal position. 
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needle in this area of movable dullness and withdrawing fluid while 
the animal is held in upright position. 
By carefully determining by percussion the height of fluid from 
day to day, it has been found that almost constant changes follow 
the injection of turpentine.  The gradual  increase of fluid during 
three  days  and  its  subsequent disappearance  is  illustrated  by  the 
following experiment, in which the height of fluid was determined 
in the normal horizontal position. 
Experiment L 
Absolute  Relative 
Dullness.  Dullness. 
Before  injection  o  cm.  2. 9  cm. 
After  one  day  3.1  cm.  4.8 cm. 
After two  days  4.7  cm.  6.0 cm. 
After  three  days  5.5  cm.  7.0  cm. 
After  four  days  4.8 cm.  7.0  cm. 
After  five days  o  cm.  6,3  cm. 
I c.c. turpentine injected into right pleural 
cavity. 
Animal is  inert. 
Animal appears  sick. 
Animal is  somewhat  inert. 
Animal appears  to  be well. 
The  animal has  been  killed  at  the  end of  five days;  the  right pleural  cavity 
contains 43  c.c.  of  deep  red  fluid  (containing blood)  and  over  the  ventral  half 
of the external surface of the lung is a  thin layer of fibrin. 
The  foregoing experiment serves  to  indicate  the limitations  of 
percussion applied to the dog's chest,  for  although the cavity has 
contained forty-three cubic centimeters of fluid there has been no 
absolute  dullness on percussion. 
In nine of twelve experiments the maximum height of fluid was 
present at the end of three days after injection of one cubic centi- 
meter  of  turpentine  into  the  right  pleural  cavity.  In  three  in- 
stances  the maximum amount of  dullness was  present at  the  end 
of two days.  Having reached a  maximum the dullness disappears 
with  much  rapidity.  With  subsidence of  fluid  it  is  noteworthy 
that  the  area  of  impaired  resonance  often  does  not  diminish  as 
rapidly  as  the  absolute  dullness.  Examination  after  death  indi- 
cates  that  such  impairment  of  resonance  on  percussion  may  be 
caused by a layer of fibrin still present over the surface of the lung. 
Moreover, it has been  found that even when, at the end of six or 
more days, fluid has completely disappeared from the cavity reson- 
ance near the sternum may still be absent or impaired, because there 
is in this situation a  layer of fibrin of variable thickness.  Careful 394  Experimental Pleurisy. 
percussion of the chest during the course of such experiments has 
the  further  advantage  that  the  success  of  attempted  intrapleural 
injection  may be  determined after  one  or  two  days.  If  the  in- 
jecting needle has entered the lung a  sterile intrapulmonary abscess 
results and instead of dullness over the dependent part of the chest 
percussion shows  flatness  of an especially hard resistant  character 
about  the  site  of  injection.  By  percussion  after  aspiration  it  is 
possible to  determine if fluid present in the chest has  been almost 
completely removed. 
At  the end of  two  or three days  after  injection  of  turpentine, 
when there is greatest dullness on percussion, the fluid in the pleural 
cavity may be one hundred cubic centimeters or more.  The fluid 
is usually turbid and pale yellow, but the presence of red corpuscles 
may give it a reddish color.  Cells are present in such small number 
that after centrifugalization they are found to represent only a very 
small  proportion,  usually about half  of  one per  cent.  of  the total 
volume of the exudate.  At the end of five or six days fluid has in 
most  instances  completely or  almost  completely disappeared  from 
the cavity.  The following table shows the quantity of fluid present 
in  the  chest  at  autopsy  performed  at  various  intervals  after  the 
injection of one cubic centimeter of turpentine. 
TABLE I. 
Time after Injection  2 Days.  3 Days.  4 Days.  5 Days  6 Days.  7 Days. 
106  cm.  22  cm.  130  cm.  43  cm.  I  cm.  O.5  cm, 
96  cm.  38  cm.  I  cm.  o  cm. 
25  cm.  o  cm. 
7 cm. 
These  figures  show  that  the  fluid present  in  the  pleural  cavity 
varies  considerably in  different animals  at  the  same  stage  of  the 
inflammatory reaction although the same irritant has been injected; 
percussion of a much larger number of animals has shown that the 
maximum accumulation of  fluid  is  reached at  the  end  of  two  or 
more frequently of three days.  The rapidity with which fluid dis- 
appears is subject to wide variation though in most instances at the 
the end of five or six days the quantity remaining is  trivial. 
The  intensity  of  the  inflammatory  reaction  bears  no  constant 
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which  accumulates  in  the  chest  during  the  first  three  days  after 
intrapleural injection is  roughly indicated by the extent of  dullness 
on peI:cussion, the  animals employed being dogs  of  fairly uniform 
size  weighing  four  or  five  kilos.  The  following experiments  are 
quoted  to  show  the  variable  effect  produced  by  injection of  one 
half, of one, or of two cubic centimeters of turpentine. 
After Injection of One Half Cubic Centimeter of Turpentine.--After injection 
of 0.5 cubic centimeter of turpentine the maximum amount of dulness was present 
in one animal after one day,  in one after two days,  in the third after three days. 
The least (Experiment II) and the greatest (Experiment III) amount of dullness 
resulting is recorded as follows : 
Experiment H.  Experiment HI. 
Absolute  Relative  Absolute  Relative 
Dullness.  Dullness.  Dullness.  Dullness. 
Before  injection  o  ' cm.  I.I  cm.  o  cm.  2.4 cm. 
After one day  o  cm.  4.8 cm.  4.3 cm.  5.4 cm. 
After two  days  o  cm.  2.6 cm.  5.8 cm.  7-7 cm. 
After three  days  o  cm.  I.I  cm.  7.6 cm.  9.2 cm. 
After Injection of One Cubic Centimeter of Turpentine.--Of  ten experiments, 
in three the maximum amount of dullness was present at the end of two days,  in 
seven at  the  end of  three  days.  The  least  (Experiment IV)  and the  greatest 
(Experiment V)  dullness was  as  follows: 
Experiment IV. 
Absolute  Relative 
Dullness.  Dullness. 
Before  injection  0  cm.  2.2  cm. 
After one day  0  cm.  2.2 cm. 
After two  days  3.8 cm.  5.2 cm. 
After three  days  0  cm.  3.5  cm. 
Experiment  V. 
Absolute  Relative 
Dullness.  Dullness. 
o  cm.  3.9 cm. 
4.5  cm.  8.2 cm. 
7.0 cm.  8.6 cm. 
7.7  cm.  9.2 cm. 
After  Injection  of  Two  Cubic  Centimeters  of  Turpentine.--In  four  experi- 
ments the maximum of dullness occurred after two days,  and in two experiments 
after  three  days.  Experiments  showing  the  least  (Experiment  VI)  and  the 
greatest dullness  (Experiment VII)  are  as  follows: 
Experiment  VL  Experiment  VII. 
Absolut e  Relative  Absolute  Relative 
Dullness.  Dullness.  Dullness.  Dullness. 
Before  injection  o  cm.  2.0 cm.  o  cm.  2.6 cm. 
After one day  2.  9 cm.  5.o cm.  3.6 cm.  7.0 cm. 
After two  days  4.5  cm.  6.o cm.  7.2  cm.  Io.6 cm. 
After three  days  4.4 cm.  .5.4 cm.  lO.2 cm.  12.  4  era. 
The  observations just  described  show  that  although  there  is  in 
general  an  increase  in  the  amount  of  exudation  corresponding to 
an increase of the irritant injected, there is such wide variation that 
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centimeter  of  turpentine  may  exceed  the  least  exudation  caused 
by two cubic centimeters.  Peculiarities of the animal or conditions 
affecting it obviously have a very important part in determining the 
intensity of the inflammatory reaction. 
Fibrin which forms a layer between the surface of the lung and 
the parietal pleura is deposited in greatest abundance in the most de- 
pendent part of the cavity.  The pleural surface of the pericardium 
and the ventral half of the external surface of the lung, particularly 
near the sternum, is at the end of two or three days covered by a 
layer of fibrin a millimeter or more in thickness; whereas over the 
posterior border of  the  lung and  over  the adjacent  external  sur- 
face there is little, if any, fibrin.  Everywhere the surfaces of the 
visceral and parietal pleurae have lost their normal appearance, and 
are  dull.  During  the  early  stages  of  the  inflammatory  process 
the fibrin  is  opaque white  and  succulent in  appearance,  but later, 
at  a  time when  fluid  has  disappeared  from  the cavity,  that  is  at 
the end of five or six days, fibrin forms a  much thinner layer and 
is dry, gray-white and tough.  This layer of fibrin which is usually 
attached very loosely to the pleura gradually diminishes and at the 
end of about two weeks or less has completely disappeared.  The 
pleural  cavity  has  become  entirely  normal  or  a  few  organized 
fibrous shreds represent the only evidence of former inflammation. 
Microscopical  examination  of  the  fibrin  present  at  the  end  of 
two  days  shows that  it  is  fairly  dense  in  structure,  consisting of 
irregular  strands  or  lamell~e  containing  imbedded  in  their  sub- 
stance cells with a  single oval  or somewhat irregular  nucleus and 
abundant protoplasm.  Polynuclear leucocytes are present in con- 
siderable number; within the substance of the fibrin they are  less 
numerous  than  the  mononuclear  cells  but  occur  in  collections 
of  considerable size  in  spaces  between  the strands.  In  scattered 
areas, on the contrary, the fibrin itself may be infiltrated with poly- 
nuclear  leucocytes  in  considerable  number.  Where  fibrin  rests 
upon a serous surface endothelial cells have completely disappeared. 
At  the  end  of  two  days  the  polynuclear  leucocytes  which  are 
present are well preserved, the nucleus having the typical multilobed 
form, but after four or five days both polynuclear and mononuclear 
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may be nearly free from cells.  Polynuclear leucocytes which re- 
main  show  various  forms  of  degeneration;  the  nucleus  stains 
deeply  and  may  be  broken  into  a  large number  of  small  round 
fragments, or may have completely disappeared leaving a  necrotic 
cell recognizable by  its  size and  by  comparison  with  neighboring 
cells, which have  undergone less  advanced change.  Though  the 
mononuclear cells  which at  an  earlier period have been embedded 
within the strands  of fibrin have in many places disappeared, sim- 
ilar cells are numerous where fibrin is in contact with the underly- 
ing  pleura.  In  places  occur  foci  of  large  mononuclear  cells, 
massed together and situated between strands of fibrin where poly- 
nuclear leucocytes were previously most abundant. 
At the end of six days  organization of  fibrin is  beginning and 
blood vessels accompanied by lymphoid and large mononuclear cells 
in variable number are making their way from the pleural  tissue 
which has often undergone considerable proliferation into the fibrin 
which in corresponding degree is  disappearing.  The  relation of 
one or other type of cell to the solution and disappearance of fibrin 
is not discoverable in sections of the tissue, though not infrequently 
those large mononuclear cells with abundant protoplasm which act 
as  phagocytes  (macrophages)  are  abundant  where  fibrin  is  ob- 
viously undergoing solution. 
Pleurisy  on  the  Left Side  Caused  by  Injection  into  the  Right 
Pleural Cavity.--The  left pleural cavity in most instances  remains 
unaffected by the inflammatory process occurring in the right, but 
occasionally there is accumulation of fluid containing a small num- 
ber of leucocytes, and fibrin is deposited especially upon the pleural 
surface of the mediastinum and of the pericardium and upon the 
adjacent surface of the left lung.  This  inflammatory reaction is 
doubtless referable to irritation of the thin membrane which forms 
a  considerable part  of  the mediastinum, separating  the  right  and 
left pleural cavities.  In  several  instances  the  left  pleural  cavity 
has been found to contain a considerable quantity of fluid at a time 
when fluid has almost completely disappeared from the right cavity 
which received the  irritant.  In one instance at  the  end  of  four 
days the right cavity contained only seven cubic centimeters of fluid, 
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in  a  second experiment at  the end  of  four  days  the  right  cavity 
contained ten cubic centimeters and the left, one hundred and fifty 
cubic centimeters of fluid; the reaction was at its height in the left 
pleural cavity at a time when it was subsiding in that cavity which 
had received the injection. 
The sero-fibrinous pleurisy which has been described presents an 
opportunity to  study the accumulation and  disappearance of  fluid 
and,  as  well,  the  formation and  solution  of  a  fibrinous  exudate, 
The whole process of resolution may be  studied under conditions 
uncomplicated by the presence of a  living multiplying microorgan- 
ism which may contain enzymes and other bodies similar to  those 
present in  the  cells  of  the inflammatory exudate.  Moreover the 
sero-fibrinous  inflammation  which  is  caused  by  turpentine  does 
not differ in any essential features from similar pleurisies which in 
man are caused by Diplococcus lanceolatus and  other microorgan- 
isms,  the changes  which  occur  reproducing with  considerable  ac- 
curacy the human lesions.  The analogy of this type of pleurisy to 
acute lobar pneumonia is close and resolution in the two processes 
is in its underlying features doubtless the same. 
Fate o/ the Irritant.--In  order to determine the relation of the 
reaction to the irritant the fate of the injected turpentine is of much 
importance.  During the first three days at a  time when the fluid 
is increasing, turpentine can be recognized by its characteristic odor 
in fluid removed from the chest.  At a  later period it is no longer 
recognizable,  although  in  the purulent  exudate  removed  from  an 
abscess  caused  by  subcutaneous  injection  of  turpentine,  the  sub- 
stance is recognizable by its odor at a much later period.  Accumu- 
lation of pleural exudate ceases perhaps when the irritant has been 
destroyed or removed from the cavity, and subsequently absorption 
proceeds with variable rapidity, being completed within  from four 
to six days after injection of turpentine. 
Coagulability  off  the  Exuded  Fluid.--When  aleuronat  in  sus- 
pension is  injected into the pleural  cavity  of  the  dog serum con- 
taining leucocytes accumulates in  large  quantity, but fibrin  is  not 
deposited upon the pleural surfaces; samples of fluid removed from 
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ing for a  considerable time only a  few shreds  form about the cells 
which have subsided.  When, on the contrary, turpentine has been 
used to excite inflammation, fluid removed from the pleural cavity 
during the  first  three  days  after  injection  of  the  irritant  under-, 
goes such firm coagulation within a  few minutes that a  small tube 
containing it may be inverted.  The coagulum occupies the entire 
volume of the fluid.  At the end of two days or occasionally after 
three  days  coagulation  is  less  complete and  the  coagulum which 
forms  perhaps  after  the  fluid  has  stood  for  a  considerable time, 
occupies only a small part of the entire volume of fluid, whereas in 
some instances, only a small shred of fibrin may be formed.  Fluid 
removed at the end of five or six days fails to undergo coagulation. 
Such  casual  examination  of  specimens  of  fluid  removed  at 
various intervals after injection of the irritant suggests that the de- 
gree of coagulation is dependent upon the amount of fibrinogen in 
the fluid and bears no relation to the presence or absence of fibrin 
ferment.  After the third day,  at a  time when little if  any  fresh 
serum finds its way from the blood vessels into the cavity, fibrinogen 
has  been,  doubtless,  almost completely or  completely deposited to 
form the mass of fibrinous exudate adherent to the pleural surfaces. 
It  is  not impossible that  this  layer  of fibrinous deposit is  derived 
from a  greater volume of fluid than is present in the cavity at any 
one time,  the serum  of  the  blood  forming by  weight  only  from 
o.2  to  0.4  per  cent.  of  fibrin.  During  the  period  when  fluid  is 
accumulating in the cavity it is probable that it is at the same time 
escaping,  in  part  at  least,  by  way  of  the  lymphatics.  Fluid  is 
entering in greater  quantity than it  is  leaving the cavity and that 
which enters  is  adding to  the  fibrinous deposit.  After  the third 
day,  however, little  fluid is  entering, while much is  absorbed  and 
hence the supply of fibrinogen has ceased. 
Enzymes of the Exuded Fibrin.--Previous  studies  2 have shown 
that the cells of inflammatory exudates contain two proteolytic en- 
zymes, demonstrable by subjecting coagulable proteid to their action. 
Proteolysis caused by these enzymes has been measured by estimat- 
ing by means of the Kjeldahl method the amount of  nitrogen of 
coagulable proteid  (heated blood serum)  converted by digestion at 
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body temperature into incoagulable form.  The activity of enzymes 
contained in the fibrinous exudate may be tested by a  more direct 
and simple method; disintegration and solution of the exuded fibrin 
may serve  as  an  index of the activity of the proteolytic enzymes 
which it contains. 
Particles of exuded fibrin, freed from serum by washing in nor- 
mal salt solution and pressing one or more times between pads of 
sterile  gauze,  undergo  autolysis  when  suspended  in  salt  solution 
(0.85  per  cent.).  The  necessity  of  removing the  serum  of  the 
exudate  is  demonstrated  by  the  following  experiment  in  which 
measured quantities of  serum have  inhibited the self-digestion of 
particles of fibrin of approximately equal size suspended in fluid of 
which the volume has been brought to twenty cubic centimeters by 
addition  of  normal  salt  solution.  Putrefaction  is  prevented  by 
addition of toluol.  The occurrence of digestion as far as it is indi- 
cated  by  disintegration and  solution of  the particle  of  fibrin  has 
been indicated by the plus sign  (4)  and the degree of disintegra- 
tion by one or more such signs dependent upon the appearance of 
the fibrin still undissolved. 
Experiment VIII. 
Fibrin of Exudate.  Degree of Digestion after 
3 Days at 37  °  C. 
With  no  serum  of  exudate  q-  -l-  + 
"  o.5 c.e. serum of exudate  +  + 
"  2.0  "  "  "  0 
"  5.O  "  "  "  O 
Under the conditions of the experiment two cubic centimeters of 
the  serum are  sufficient to  preserve  the  exuded fibrin  unchanged 
during three  days  at  37 °  C.,  while  smaller quantities  appreciably 
inhibit its self-digestion. 
The cells of the serous inflammatory exudate produced by injec- 
tion of aleuronat into the pleural cavity contain two enzymes, one 
of which, leucoprotease, acts in the presence of an alkaline medium, 
whereas the other, which for convenience may be designated lym- 
phoprotease, acts  only in the presence of  acid;  lymphoprotease is 
present  in  greatest  quantity  in  the  exuded  cells  during  the  later 
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date present in the pleural cavity at various intervals after injection 
of turpentine has been subjected to the action of weak acetic acid 
and of dilute solutions of sodium carbonate.  The layer of fibrinous 
exudate stripped from the surface of the lung is freed from serum 
and  cut into particles  of approximately equal  size.  Each  particle 
of fibrin is suspended in five cubic centimeters of fluid.  The test- 
tube containing fluid and fibrin is tightly closed with a rubber stop- 
per after a  small quantity of toluol  (five drops)  has been added to 
prevent growth of bacteria.  Since the serum of the blood inhibits 
the  action  of  the  enzymes  contained  in  the  exudate,  one  of  the 
equivalent particles  of fibrin is  for control suspended in five cubic 
centimeters of fluid containing one cubic centimeter of blood serum; 
since  no  digestion occurs  and  the  particle  of  fibrin  remains  un- 
changed, comparison will show the amount of solution in the other 
tubes.  All of the tubes have been incubated at 380  C. during from 
four to seven days. 
In  the presence of a  weak alkaline solution, fibrin  may  quickly 
swell  and  undergo conversion into  a  viscid,  semi-fluid  substance, 
which  is,  in  part,  dissolved  in  the  overlying  fluid.  Weak  acid 
causes the fibrin to  contract and break up into a  fine, powder-like 
sediment.  In either case, when digestion occurs, the fluid becomes 
turbid, while in absence of digestion, the fluid about the unchanged 
fibrin remains almost clear.  Slight digestion may be indicated by 
erosion of the fibrin recognizable only by comparison with the con- 
trol suspended in diluted blood serum. 
Further  evidence of  proteolytic  digestion  may  be  obtained  by 
testing for incoagulable digestion products the fluid overlying what 
remains of the fibrin.  The simple method of testing for peptones 
suggested by  Obermeyer  3 and  employed by  Starling,  4  Halliburton 
and Colls,  5 and others has been used, the tube containing blood serum 
again serving as control.  Three cubic centimeters of the fluid over- 
lying the remains of the fibrin are mixed with an equal quantity of 
a ten per cent. solution of trichloracetic acid.  After the mixture has 
been shaken and allowed to  stand for a  short time, the precipitate 
*Med.  ]ahrbiicher,  1888,  iii,  375-  Ref.  Maly's  ]ahresberlcht,  1889,  xix,  7. 
"]our.  of Physiol.,  1893,  xiv,  131. 
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of coagulable proteid is removed by filtration.  The filtrate is now 
tested for biuret reaction.  The intensity of the reaction, which has 
been used by Starling for quantitative estimation, gives  indication 
of  the  relative  amount of  peptone and  albumose  present.  Fluid 
from the control tube uniformly fails  to  give the reaction,  though 
it contains the native albumins of the serum, whereas, when diges- 
tion has occurred, an intense reaction is present. 
The following experiment illustrates the character of the diges- 
tion which occurs in different media and the method of recording 
the changes. 
ExlOerimvnt  IX. 
Exuded  Fibrin  was 
Allowed  to  Digest 
During  7  Days 
at  37  ° C. 
With  1%  acetic acid. 
With 0. 5 % acetic acid. 
With o. 2 % acetic acid. 
With neutral  reaction. 
With o.2 %  sod. carb. 
With o.5 %  sod.  carb. 
With  1%  sod.  carb. 
Fibrin. 
Character  of Change 
Swollen and gelatin- 
ous. 
Dissolved save small 
amount of sed. 
Dissolved  save  very! 
small amount of sed. 
Slightly eroded. 
Slightly  eroded. 
Slightly eroded. 
Translucent but in- 
tact. 
With I  c.c. blood serum.[ Unchauged. 
RelativeAmount 

























A  close parallel exists between the degree of digestion recogniz- 
able by naked eye examination of the particle of fibrin and that indi- 
cated by the biuret action after precipitation of coagulable proteid 
by trichloracetic acid.  The method employed serves to distinguish 
simple solution from digestion.  It is well known that fibrin of the 
blood is dissolved by certain salts and by acids; Fermi  6 found that 
o. 5  hydrochloric acid dissolved but did not peptonize fibrin.  The 
foregoing  experiment  shows  that  the  exuded  fibrin  contains  an 
enzyme which dissolves fibrin  and converts it  into peptone in  the 
presence  of  weak  acetic  acid.  In  stronger  acetic  acid  (one  per 
cent.)  the  character  of  the change  is  wholly different;  the fibrfn 
being swollen  and  broken  into  almost transparent  particles  which 
nearly fill  the entire volume of fluid, it  is  impossible to determine 
how  much  solution  has  occurred.  That  acid  of  this  stren~h  is 
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unfavorable for the action of the enzyme contained in  the  exuded 
fibrin  is  shown  by  the  absence  of  reaction  for  peptone.  With 
weaker acid, favorable to the action of the enzyme, absolute parallel 
between macroscopic solution  and  peptone  reaction  cannot be  ex- 
pected, for proteid may be converted by continued action of enzyme 
into  decomposition  products  which  do  not  give  a  biuret  reaction. 
The following table shows the behavior of fibrin removed from the 
chest at  intervals  of  from two  to  ten days after injection of  tur- 
pentine, when suspended in  media differing in  reaction: 
TABEL II. 
No.  of Days 
Experiment.  injAfctter  , 
A  2 
B  2 
C  3 
D  4 
E  5 
F  6 
G  6 
H  6 
I  9 
J  io 
With 2 per cent.  Acetic  With Neutral  Reaction.  With ~per cent. Sodium 
Acid.  I l,arbonate__ 
Solution  of  Biuret  Solution  of  Biuret  I Solution  of  Biuret 
Fibrin..  Reaction.  Fibrin.  Reaction.  •  Fibrin.  Reaction. 
+++++++  +++  %+ 
++++  +  +  I+++  + 
++++  o  ++++ 
++++  +++4  +  +  +(?)  +(?) 
++++  +++  o  o  o  o 
+++  ++  o  o  o  o 
++++  ++++  o  o  o  o 
++++  +++q-  +++  +  o  o 
+++  +++  o  o  o  o 
The table shows  that  digestion  is  much less  active  in  a  neutral 
medium than  in  acid  or  in  alkali.  During  the  first  four  or  five 
days digestion occurs both in  the alkaline and in the acid medium, 
but at the end of five days the power to  digest  in  the presence of 
alkali  has  been  lost,  so  that  subsequently  little,  if  any,  digestion 
occurs,  save  in  the  presence  of  acid.  It  is  noteworthy  that  the 
ability to undergo digestion in alkali disappears at a time when fluid 
has  undergone  almost  complete absorption.  This  relation  is  not 
constant,  and  Experiment  G  is  an  exception,  the  pleural  cavity 
containing  sixty-eight  cubic  centimeters  of  fluid,  in  large  part 
encapsulated. 
Injection  of  Leucocytes  into  the  In~amed  Pleural  Cavity.--In 
two  experiments which  follow the ability  of exuded fibrin  to  un- 
dergo  self-digestion  in  the  presence  of  alkali  has  been  increased 
by injecting into  the inflamed chest polynuclear leucocytes in  con- 
siderable quantity. 404  Experimental  Pleurisy. 
Experiment X.--Sterile  pus,  obtained  four  days  after  injection of  turpentine 
into the subcutaneous  tissue  of  the  dog has been injected into  the pleural  cavity 
two  days  after  the  onset  of  inflammation. 
Absolute  Relative 
DuLlness.  Dullness. 
Before  injection  o  cm.  3.2  cm.  I  c,c.  of  turpentine  injected  into  the 
right pleural  cavity. 
After  I  day  7.7  cm.  12.5  cm.  Animal  is  sick. 
After 2  days  I2.2  cm.  13.9  cm.  14 c.c.  pus  injected into the right pleural 
cavity. 
After 3  days  16.2  cm.  17.4  cm.  Animal  is  sick. 
After 4  days  I3.2  cm.  15.8 cm.  Animal  is  sick. 
After  5  days  11.6  era.  14.8  cm.  Animal  is  sick. 
The  animal  has  been  killed  by  h~emorrhage  under  ether.  The  right pleural 
cavity contains  175 c.c.  of  blood-stained fluid.  Fibrin is present in large quantity 
and  forms  a  layer  often  two  millimeters  in  thickness.  In  places,  this  fibrin  is 
grayish,  tough  and  firm,  but  elsewhere  it  has  a  yellowish-white  color,  and  is 
soft and  ragged,  as  if undergoing disintegration. 
Fibrin freed  from serum  was  subjected to  autolysis under the conditions 1)re- 
viously described. 
Solution of  Biuret 
Fibrin.  Reaction. 
With  0.2  per  cent.  acetic  acid  -t-  +  +  +  +  -t-- 
With neutral  reaction  o  + 
With  0.2  per  cent.  sodium  carbonate  +  +  +  +  -I- 
With  I  c.c.  blood  serum  o  o 
As a result of the injection of fluid containing polynuclear leuco- 
cytes in immense number fibrin, removed from the chest five days 
after the onset of inflammation, digests itself almost as  readily in 
alkali as in acid.  Comparison with Table II shows that power to 
digest in alkali  has been augmented.  It is,  however, not improb- 
able  that the pus which was  injected two days  after  the onset of 
pleurisy contained some turpentine, and,  therefore, tended to pro- 
long the effect of the turpentine originally brought in contact with 
the pleura.  To  avoid  this  possibility leucocytes  from  a  purulent 
exudate were washed before injection. 
Experiment  XI.--Cells  from  a  sterile,  purulent  exudate  obtained  by  subcu- 
taneous  injection  of  turpentine  were  separated  from  the  fluid  of  the  pus  and 
washed  by centrifugalization in o.85  per cent.  salt solution;  after removal of  the 
supematant  fluid,  the  cells  were  injected  into  the  inflamed  pleural  cavity,  three 
days  after the onset  of pleurisy. 
Absolute  Relative 
Dullness.  DulJness. 
Before  injection  o  cm.  3.9  cm. 
After  I  day  4.5  cm.  8.2  cm. 
After 2  days  7.0  cm.  8.6  cm. 
After 3  days  7.7  cm.  9.2  cm. 
After 4  days  o  cm.  3.5  cm. 
I  c.c. of turpentine was injected into the 
right pleural  cavity. 
Animal  sick. 
Animal  sick. 
14  c.c.  washed  leucocytes  were  injected 
into  the  pleural  cavity. Eugene L.  Opie.  405 
When  the  animal  was  killed  by  h~emorrhage  under  ether,  the  right  pleural 
cavity  contained  45  c.c.  of  deep  red  serous  fluid.  Fibrin  formed  a  thick  layer 
which  was  soft,  yellowish-white  and  succulent.  It  is  not improbable that a  part 
of  the  injected  turpentine  entered  the  substance  of  the  lung,  for  a  small  tear 
was found at the site of  injection.  Autolysis  of fibrin occurred  as  follows: 
With  o.a  per  cent.  acetic  acid 
With  neutral  reaction 
With 0.2 per cent.  sodium  carbonate 
With  I  c.c.  blood  serum 
Solution of  13iuret 
Fibrin.  Reaction. 
+++  +++ 
o  + 
+++  +4-+  +  (?)  + 
It is noteworthy that the injection of washed leucocytes was fol- 
lowed by no increase of fluid indicated by percussion, as in the pre- 
ceding  experiment,  and  very  marked  diminution of  dullness  was 
found on the following day.  The relative ability of fibrin to digest 
in the presence of alkali is greater than that indicated by any of the 
experiments  recorded  in  Table  II.  Leucoprotease  is,  indeed,  so 
abundant  that  one  cubic  ceutimeter of  blood  serum  has  failed  to 
inhibit  its  action.  Microscopical  examination  of  the  soft  fibrin 
which is apparently undergoing disintegration shows that it is infil- 
trated with polynuclear leucocytes in immense number and suggests 
the probability that  these are  in  large part  leucocytes which have 
been injected into the cavity,  since fibrin at a  corresponding inter- 
val,  after  simple  injection  of  turpentine,  contains  relatively  few 
polynuclear cells. 
Anti-Enzymotic Action of the Exuded Fluid.--Since two stages 
of  enzymotic  activity  are  recognizable  during  the  course  of  the 
inflammatory reaction, one requiring the presence of alkali, and the 
other of acid,  it  is necessary to determine if conditions present in 
the fluid of the exudate are such that during life these enzymes are 
brought into action.  The serum of the-blood and  of the exudate 
furnish the necessary alkalinity  for  that  enzyme which digests  in 
the presence of alkali, and is characteristic of the polynuclear leuco- 
cytes.  This  enzyme is,  however,  inhibited by  the  anti-enzymotic 
activity of the exuded serum.  At no time during the course of the 
fibrinous inflammation caused by turpentine is  this  anti-enzymotic 
action  of  the  fluid  surrounding the  fibrin  lost,  and,  indeed,  only 
when  the  corresponding enzyme  has  disappeared  from  the  fibrin 
has absorption of fluid removed the influence of the anti-enzyme. 406  Experimental  Pleurisy. 
The  following  experiments  show  that  there  is  no  noteworthy 
diminution of the anti-enzymotic activity of the exuded fluid when 
tested with leucoprotease, the enzyme of the polynuclear leucocytes. 
In  each  experiment  twenty  milligrams  of  dry  powder,  prepared 
from polynuclear leucocytes, was allowed to act upon heated blood 
serum during five days at 37 °  C., and the amount of digestion was 
determined by the Kjeldahl method ;7 the ability of the exuded fluid 
to inhibit the activity of the enzyme was determined by comparing 
this digestion with that which occurred when the same amount of 
enzyme acted upon the same amount of coagulated proteid in  the 
presence of a half cubic centimeter of the fluid to be tested.  These 
determinations have been made with the assistance of Miss Bertha 
I.  Barker.  By  "age  of  the  exudate"  should be  understood the 
number of days between injection of turpentine and withdrawal of 
fluid  from the chest either by aspiration  or  after  death.  The  ap- 
proximate  degree  of  inhibition has  been  estimated by  subtracting 
the figure  (in cubic centimeters of ~v N.  sulphuric acid)  represent- 
ing digestion in the presence of serum from that representing unre- 
strained digestion. 





Age of Exudate 
in Days.  Control. 
2. 4  c.c. 
2. 4  C.C. 
2. I  c.C. 
c'.O  c.c. 
Digestion with  Digestion with 
~zo  mgr.  2o mgr. 
Leucoprotease.  Leucoprotease 
[and o. 5 c.c. Se_~m. 
/ 
16. 4  c.c.  /  5.45  c.c. 
I6.4  c.c.  [  6.1  c.c. 
18. 9  c.c.  j  8.85  c.c. 
18.85  c.c.  /  7.05  c.c. 
Degree  of 
Inhibition. 
lo.95  c.c. 
lO. 3  c.c. 
10.O 5  c.c. 
II.8  C.C. 
The  following  experiment  is  scarcely  necessary  to  show  that 
fibrin which has been  found to digest only in the presence of acid 
and hence contains only lymphoprotease fails to undergo autolysis 
in the presence of the exuded serum.  The fibrin and serum were 
obtained  from  a  dog  (Table  II,  Experiment E)  five  days  after 
injection of turpentine.  Table II. shows that this fibrin underwent 
almost no autolysis in the presence of alkali.  The volume of fluid 
was  brought to  five cubic centimeters by  addition of  normal  salt 
solution. 
Jour.  o[ Exper. Med.,  19o6,  viii,  41o. Eugene L.  Opie. 
Experiment XIL 
Solution of  Biuret 
Fibrin,  Reaction. 
With  O.5  c.c.  of  exudate  serum  o  o 
With  I  c.c.  of  exudate  serum  o  o 
With  2  c.c.  of  exudate  serum  o  o 
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The  foregoing study shows that  the  fluid exuded into  the chest 
as  a  result  of the presence  of  turpentine  is  coagulable  during  the 
first  two  days of the  inflammatory reaction  and  deposits upon the 
pleural  surfaces  a  layer  of  fibrin  containing  entangled  in  its  sub- 
stance an immense number of leucocytes.  These cells undergo dis- 
integration and set free an enzyme which is capable, in the presence 
of an alkalinity equal to that of the serum, of dissolving fibrin and 
other proteid.  The serum of the exudate contains an  anti-enzyme 
which in part  holds in check this  enzyme and  is doubtless  efficient 
in limiting its  action,  thus perhaps  protecting injured tissues  from 
destruction.  It is difficult to prove that these enzymes are  capable 
of  attacking  and  destroying  living  tissue,  but  no  facts  that  are 
known exclude this  possibility.  Where polynuclear leucocytes are 
massed  together  in  the  meshes  of  the  compact  fibrinous  network 
which forms the layer overlying the lung, enzyme is, perhaps, unre- 
strained by anti-body, and partial  digestion of fibrin results.  That 
such  digestion  actually  occurs  is  indicated  by  the  appearance  of 
peptone which, absent at the beginning of the process, is present in 
greatest quantity when, after three days,  the inflammatory reaction 
has reached a  maximum. 
The  Occurrence  of  Products  of  Proteolytic  Digestion  in  the 
Exuded  Fluid.--Products  of  proteolysis  have  been  found  in  fluid 
withdrawn  at  intervals  after  injection of turpentine.  By precipi- 
tating the albumin  and  globulin  contained the exuded  serum  with 
trichloracetic  acid  as  recommended by  Starling,  no biuret  reaction 
is obtained with the filtrate at the end of the first day.  At the end 
of the  second day  no reaction,  or  only a  trace  of  reaction  occurs, 
but  at  the end of the third  day,  when the quantity  of fluid  in  the 
chest is greatest,  a  well marked  reaction  is  usually  obtained.  At 
the end  of  four  and  of five days  a  reaction  is  usually  obtainable, 
but  it  is  less  intense  than  after  three  days.  The  following  table 
shows the  result  of tests  made  at  various  intervals  after  injection 
of turpentine : 408  Experimental  Pleurisy. 
TABLE  IV. 
Reaction for Peptone  and Albumoses. 
















The absence of reaction for peptone is indicated by zero  (o).  The occurrence 
of a  biuret  reaction  after  coagulation  of proteids  other  than  peptone  is  indicated 
by the signs of addition, the intensity of the reaction in a  given experiment being 
indicated by from one to three such signs.  A  trace of peptone causing a  scarcely 
perceptible biuret  reaction is  indicated by  (T). 
Since peptone is absorbed with much rapidity from the chest, the 
presence of a well marked reaction at the end of three days indicates 
that formation of proteolytic digestion products has reached a maxi- 
mum and now exceeds their absorption. 
The  following  experiment  was  undertaken  with  the  pur- 
pose of determining what influence products of digestion by leuco- 
protease exert upon the progress of inflammation caused by turpen- 
tine.  It shows with what rapidity such products are absorbed from 
the inflamed chest. 
Experiment XIII.--Products of  digestion  were  obtained  by  allowing 5o mgr. 
of  leucoprotease,  with  addition  of  toluol,  to  act  during  four  weeks  at  37 ° C. 
upon  25  c.c.  of  a  mixture  of  dog's  blood  serum  and  normal  salt  solution,  pre- 
viously  heated  to  750 C.;  IO  c.c.  of  this  fluid  sterilized  and  freed  from  toluol 
by heating  to  65 ° C.  durilag  one  hour  were  twice  injected  into  the  right  pleural 
cavity.  This  fluid  diluted  I :Io  (i.  e., a  dilution  probably  greater  than  that  pro- 
duced by the fluid in the chest)  gave an  intense  reaction  for peptone. 
Before  injection  I  c.c.  turpentine  injected  into  the  right pleural 
cavity. 
After  I  day  io  c.c.  fluid  containing  digestion  products  in- 
jected. 
One half hour  later fluid withdrawn  gave well 
marked  reaction  for peptone. 
After 2  days  7.8  era.  Only  faint  reaction  for  peptone  obtained. 
lO  c.e.  fluid  with  digestion  products  again  in- 
jected. 
After 3  days  1I.  4  cm.  No  reaction  for  peptone. 
After 4  days  7~5  cm.  Very  faint  reaction  for  peptone. 
After 7  days  7-3  cm.  No  reaction  for  peptone. 
After  the  animal  had  been  killed,  the  pleural  cavity  was  found  to  contain 
2 5 e.c.  of reddish  serous  fluid, together with an unusually large quantity of fibrin. 
Absolute 
Dullness. 
2.3  cm. 
4.0  cm. Eugene L.  Opie.  409 
Alkalinity of the Inflammatory Exudate.mSince an alkaline reac- 
tion  is  essential  for the  action of one  enzyme of the exudate,  and 
an  acid  reaction for the other,  the  reaction of the pleural  exudate 
has been studied.  At no time does the alkalinity of the exuded fluid 
disappear,  but throughout the course of the inflammation it is  less 
than  that  of the blood  serum.  The alkalinity of the  exudate was 
tested by the method proposed by Engel  s and modified by Gamble2 
One  cubic  centimeter of the  exudate  to  be  tested  was  withdrawn 
with  antiseptic precautions  from the  chest during life,  or was  ob- 
tained  at  autopsy  immediately  after  death.  The  exudate  was 
diluted with  one hundred  times  its  volume of  distilled  water  and 
neutralized  with  -r~  N.  sulphuric  acid,  lacmoid paper  being  used 
as  indicator.  Acid was  added  until  a  distinctly acid  reaction was 
obtained,  and  since  acid  inadvertently  added  in  excess  cannot  be 
accurately neutralized,  duplicate determinations were made.  With 
the first specimens alkalinity was  determined with a  fair degree of 
accuracy,  though  usually  a  slight  excess  of  acid  was  added.  In 
testing  the  second  specimen,  it  was  possible  to  use  great  care  in 
adding  acid  when  the  quantity  indicated by  the  first  test  was  ap- 
proached.  Hence  the  second  determination,  which  has  been  the 
smaller,  is  the more accurate,  and  is  given in  the following table, 
which shows the alkalinity of the exudate determined from two to 
five days after injection of turpentine.  The alkalinity of the blood, 
which  was  in  a  number of instances tested  simultaneously, varied 
for one cubic centimeter from 9.3 to  I I  c.c. x~  N. acid. 
TABLE V. 
Alkalinity of Exudate in Cubic Centimeters o[ z-zoo N. Sulphuric Acid. 
Experiment.  x Day.  2 Days.  3 Days.  4 Days.  5 Days. 
A  --  5.4  --  4.95  -- 
B  M  M  5.5  --  -- 
C  ....  4.2 
At the end of three days after the onset of inflammation, poly- 
nuclear leucocytes cease to migrate from the blood vessels into the 
pleura, and those which are enmeshed in the fibrin undergo necrosis 
S  Berl.  klin.  Woch.  1898,  xxxv,  308. 
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and  disappear.  At  the  end  of  five  or  six  days,  fibrin  no  longer 
contains  that  enzyme which  is  peculiar  to  the  polynuclear leuco- 
cytes; fibrin, therefore, fails to disintegrate in the presence of weak 
alkali,  but  readily  dissolves  in  acid.  Though  partial  solution  of 
fibrin  doubtless  referable to  the  enzyme of  the  polynuclear leuco- 
cytes, has occurred within the chest during the first five days, reso- 
lution is not complete, and at the end of the first week of inflamma- 
tion a thin layer of fibrin still covers the pleural surface of the peri- 
cardium and anterior surface of the lung near the median line,  and 
in  less  quantity  is  present  between  the  base  of  the  lung  and  the 
diaphragm. 
E#ect  of  Carbon-Dioxide  o~  the  Enzyme  Present  in  Exuded 
Fibri~.--Evidence which has already been discussed shows that the 
fibrin  which  remains  unresolved by  leucoprotease contains  an  en- 
zyme which acts  only  in  the presence of  weak  acid;  nevertheless 
fluid in  the chest,  which is  much less  alkaline than  the blood  and 
diminishes slightly in alkalinity with the progress of inflammation, 
at no time approaches a neutral or acid reaction.  At a later period, 
when fluid has  disappeared from the chest, fibrin is still  moistened 
by lymph which has an alkaline reaction, and though the fibrin con- 
tains a  proteolytic enzyme capable of digesting in an acid medium, 
conditions  favorable for the action  of such an  enzyme are at  first 
sight  wholly wanting.  Nevertheless, the possibility  has  suggested 
itself that carbon-dioxide may play the part of an acid,  and in the 
body afford conditions favorable to the slow solution of fibrin. 
The following experiments have shown that  carbon-dioxide may 
replace the acetic acid previously used to bring in action the enzyme 
which alone is present during the second stage of the inflammatory 
reaction caused by turpentine. 
E.~'periment XIV.--Fibrin was  obtained  from  an  animal  which  had  received 
two  days  before one  cubic centimeter of  turpentine into the pleural  cavity.  This 
fibrin  underwent  auto-digestion  in  the  presence  both  of  acid,  and  of  alkali,  but 
was  only  slightly  altered  when  suspended  in  physiological  salt  solution.  Par- 
ticles  of  fibrin  were  suspended  in  normal  salt  solution  and  through  the  fluid 
carbon-dioxide  was  passed  during  one  half hour.  The  test-tube  containing  the 
fluid  was  still  filled  with  carbon-dioxide  when  tightly  closed  with  a  rubber 
stopper  after  addition  of  a  few  (five)  drops  of  toluol.  The  volume  of  fluid 
in  each  tube  was  five  cubic  centimeters,  normal  salt  solution  being  added  to 









Digestion  Biuret. 
of  Fibrin.  Reaction. 
0.2 per cent.  acetic  acid  (5  days at 37 ° C.)  -1- 4- -I- 4- 
salt solution alone  (5  days  at 37  ° C.)  4- 
0.2 per cent. sodium carbonate (5 days at 37  ° C.)  4- 4- 4- 
I  c.c. blood serum  (5  days  at  37  ° C.)  o 
salt  solution alone  (2  days  at  37 ° C.)  o  -l- 
salt  solution and  carbon-dioxide (2  days  at  37  ° C.)  -t-  -}- 4- 
salt solution alone  (4 days at 37 ° C.)  4- 
salt  solution and  carbon-dioxide  (4  days  at  37 ° C.)  "}- -t-  -1- 
In  the  following  experiment  fibrin  which  digested  only  in  the 
presence  of  acid  was  used.  The  experiment repeats  and  confirms 
Experiment  XIV  and  demonstrates, moreover,  that  carbon-dioxide 
brings this enzyme into action, even though blood serum  (one cubic 
centimeter)  is  present. 
Experiment XV.--The fibrin employed  was  obtained from  the  pleural cavity 
of a  dog,  nine days after the injection of turpentine. 
seven days at 37  ° C. 
With o,2 per cent.  acetic acid 
With o.2 per cent.  sodium carbonate 
With normal salt solution 
With salt solution and carbon-dioxide 
With salt solution and I  c.c. blood serum 
Digestion occurred during 
Digestion of  Biuret 
Fibrin.  Reaction. 
-I-4-4-4-  ++++ 
0  0 
4-  o 
+++  ÷+ 
0  0 
++  With salt solution, I  c.c. blood serum and carbon-dioxlde  4- 4- 4- 4- 
The  following experiment  confirms those  which  have  just  been 
described, and again shows that in the presence of a  small quantity 
of  blood  serum  (half  of  a  cubic centimeter)  active proteolysis  oc- 
curs  when  fibrin  which  digests  only  with  acid  is  exposed  to  the 
action of  carbon-dioxide. 
Experiment XVI.--Fibrin was  obtained from the pleural cavity of a  dog ten 
days after the injection of turpentine. 
With o.2 per cent.  acetic  acid  (5  days at 37  ° C.) 
With o.2  per  cent.  sodium carbonate  (5  days  at  37  ° C.) 
With salt solution (5  days at 37  ° C.) 
With I  c.c. blood serum  (5  days  at 37  ° C.) 
With o.5 c.c. blood serum  (2 days at 37  ° C.)  o 
With o.5 c.c. blood serum and carbon-dioxide  (2 days at 37  ° C.)  + 
With 0.5 c.c. blood serum  (6 days at 37  ° C.)  4- 4- 
With 0.5 c.c. blood serum and carbon-dioxide(6  days at 37  ° C,)  +  4- 
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4-4-4- 412  Experimental Pleurisy. 
The foregoing experiments, which show that carbon-dioxide can 
bring into action the enzyme remaining in a fibrinous exudate after 
disappearance  of  leucoprotease,  suggest  that  carbon-dioxide  may 
favor resolution of fibrin remaining in the pleural cavity during the 
latter stage of pleurisy caused by turpentine and doubtless by other 
agencies.  Some plausibility is given to this hypothesis by the obser- 
vations of Ewald, 1°  who  found that the carbon-dioxide tension of 
an exudate increases with its age.  He studied the pleural exudate 
from fourteen cases of pleurisy and found that the total volume of 
carbon-dioxide which could be  withdrawn  from the  exudate with 
Pflfiger's  pump  after  the  addition  of  acid  varied  from  29.54  to 
63.84 per cent., the higher figure being obtained when the exudate 
had been present in the chest during a considerable length of time. 
In purulent fluid which had collected quickly and contained leuco- 
cytes  in  great  abundance,  carbon-dioxide  was  present  in  much 
smaller quantity,  whereas the  smallest figures  (7.92  and  8.%  per 
cent.)  were obtained with pus from abscesses. 
CON CLUSION S. 
Fibrinous  pleurisy  produced  by  a  sterile  inflammatory irritant 
offers opportunity for study of the part taken by enzymes of leuco- 
cytes  in  the  resolution  of  a  fibrinous  exudate.  When  turpentine 
is  injected  into  the  subcutaneous  tissue  of  the  dog,  an  abscess 
results,  but when an  equal  quantity of turpentine is  injected into 
the pleural cavity, there is  abundant exudation of coagulable fluid 
and the serous surfaces are covered by a  layer of fibrin.  Accumu- 
lation of fluid which can be  followed during life by percussion of 
the animal's chest reaches a maximum at the end of three days, and 
then  gradually subsides,  so  that  at  the  end  of six  days,  in  most 
instances, the cavity contains no fluid.  Fibrin,  though diminished 
in amount at the time when fluid has been absorbed, is still  present, 
and  gradually disappears;  at  the  end  of  two  or  three weeks  the 
cavity has  returned  to  the normal,  save  for a  few  organized ad- 
hesions. 
Turpentine injected into the right pleural cavity may cause sero- 
fibrinous pleurisy on the  left side;  this  inflammation may reach a 
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maximum intensity  at  a  time  when  pleurisy  on  the  right  side  is 
subsiding. 
During the early stage  of inflammation fibrinous  exudate,  freed 
from  the  serum  by  washing  in  salt  solution,  undergoes  digestion 
when  suspended  in  an  alkaline  (o.2  per  cent.  sodium  carbonate) 
or  in  an  acid  medium  (0.2  per cent.  acetic acid).  At  the end of 
five  days,  at  a  time  when  fluid  is  disappearing  from  the  pleural 
cavity,  digestion  fails  to  occur  in  an  alkaline medium, but  occurs 
with much activity in the presence of acid. 
During the first stage of the inflammatory reaction,  when fluid 
is  abundant and  the fibrin  which is  present digests  in  alkali,  thus 
indicating the presence of leucoprotease, polynuclear leucocytes are 
very numerous  in  the  meshes  of  the fibrin.  In  the  second  stage, 
the exuded fibrin contains only one enzyme digesting in the presence 
of acid.  At this time polynuclear leucocytes have disappeared and 
only mononuclear cells are embedded in the fibrin. 
Products of proteolytic digestion, namely, peptone and albumose, 
absent in the exuded fluid during the first day or two days of inflam- 
mation, are present after three days and are found in less quantity 
at a later period. 
The  exuded  fluid  does  not  at  any  stage  of  the  inflammatory 
reaction  lose  it  spower  to  inhibit  both  enzymes  contained  in  the 
leucocytes. 
The  exudate remains  alkaline  throughout  the  period  of  inflam- 
mation, but  its alkalinity is less than that  of the blood and dimin- 
ishes slightly with the progress  of inflammation. 
Since the acids,  which in  vitro  favor the action of the enzyme, 
present alone during the second stage of the inflammatory reaction, 
do  not occur in  the body,  the possibility  has  suggested  itself  that 
carbon-dioxide brings  this  enzyme into  action.  If  carbon-dioxide 
is passed through normal salt solution in which strips of such fibrin 
are suspended, digestion is greatly hastened.  The normal inhibition 
exerted by blood  serum upon  the enzyme is  overcome by carbon- 
dioxide  and  in  the  presence  of  a  small  quantity  of  blood  serum, 
carbon-dioxide causes greater enzymotic activity than  in  the pres- 
ence of salt solution alone. 